BACKGROUND: Abdominal adiposity has been described as an independent risk factor for coronary heart disease. Sagittal abdominal diameter has been found to be closely related to the amount of visceral adipose tissue. AIM: To compare the sagittal abdominal diameter with other anthropometric measures regarding their relationships to risk factors for coronary heart disease (CHD). DESIGN: A study of 885 men and women participating in a health survey. MEASUREMENTS: Sagittal abdominal diameter, body mass index (BMI), waist and hip circumferences, waist-to-hip ratio, serum concentrations of risk factors for CHD, blood pressure. RESULTS: In men the sagittal abdominal diameter showed stronger correlations to the CHD risk factors serum cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, glucose, insulin, apolipoprotein B (apoB), plasminogen activator inhibitor tissue-type plasminogen activator (t-PA) and lipid-corrected alpha tocopherol, and to systolic and diastolic blood pressures than the other anthropometric measurements. In women, compared with the other anthropometric measurements the sagittal abdominal diameter was more strongly correlated to serum cholesterol, LDL cholesterol, LDLaHDL (high-density lipoprotein), apo B and t-PA, and to systolic and diastolic blood pressure. The sagittal abdominal diameter showed a stronger correlation to`total risk' for cardiovascular disease ( 0.66 for men, 0.62 for women), than waist circumference ( 0.63 for men, 0.57 for women) and waist-to-hip ratio ( 0.61 for men and 0.48 for women; P`0.0001 for all correlations). This diameter was also more strongly correlated tò metabolic risk' ( 0.64 for men, 0.59 for women) than waist circumference ( 0.60 for men, 0.59 for women) and waist-to-hip ratio ( 0.58 for men, 0.52 for women)(P`0.0001 for all correlations). In a regression analysis including the anthropometric measurements and the risk values, the sagittal diameter was the strongest measure of cardiovascular risk in both men and women. CONCLUSIONS: Among both men and women in this study the sagittal abdominal diameter showed stronger correlations to cardiovascular risk and to other risk factors in the metabolic syndrome than other anthropometric variables such as waist circumference, waist-to hip ratio and BMI.
Introduction
Atherosclerotic cardiovascular diseases are the major causes of morbidity and mortality in the Western world. Among established risk factors for coronary heart disease (CHD) connected with the metabolic syndrome are elevated concentrations of serum triglycerides, low concentrations of high density lipoprotein (HDL) cholesterol, hyperinsulinaemia, type 2 diabetes, hypertension and high concentrations of plasminogen activator inhibitor (PAI-1). Abdominal adiposity has been described as an independent risk factor for CHD 1 and the abdominal fat distribution as re¯ected by the waist-to-hip ratio is a stronger predictor for CHD than body weight. 2 Among other anthropometric measurements the sagittal abdominal diameter (SAD) has been reported to be most closely related to the amount of visceral adipose tissue. 3 The aim of this study was to measure this diameter and to compare it with other anthropometric measures re¯ecting the metabolic syndrome with regard to their relationship to risk factors for CHD in men and women participating in a health survey.
Subjects
A health survey concerning risk factors for coronary heart disease was carried out among the employees of a Swedish telephone company in Uppsala, Sweden. Nine hundred and six (90%) of the employees participated, about half of whom were blue-collar and about half white-collar workers. Twelve subjects were excluded because of concurrent diseases: one with untreated hypothyroidism, three with insulindependent diabetes mellitus, three with treated malignant disease, one who had undergone a kidney transplantation and four who were being treated with cortisone. Nine further women were excluded because of pregnancy.
The mean age of the remaining 885 participants (588 males and 297 females) was 41.0 y (19 ± 66 y) and their median age was 41.5 y. Four subjects had non-insulin-dependent diabetes mellitus, 15 used contraceptive pills and 13 were receiving postmenopausal hormone replacement therapy. Twenty-eight were being treated with beta-blockers and diuretics and two with diuretics only. Seven were having replacement therapy for hypothyroidism Ð they were all euthyroid at the time of the survey.
Methods
Blood samples were drawn after a 12 h overnight fast. Neither smoking nor heavy physical activity were allowed in the morning before the examination. Blood sampling and all measurements, including anthropometric measurements and blood pressure, were performed by the same observer. Supine blood pressure was measured after 10 min rest (mean of two values obtained at a 2 min interval). The waist and hip circumferences were measured with the subject in the supine position. SAD was recorded at the umbilical level as the height of the abdomen measured from the examination couch when lying down with the legs straight. The body mass index (BMI) was calculated as body weight (in kilograms) divided by height (in metres) squared.
Lipoprotein lipid concentrations in serum were determined. Very low density lipoprotein (VLDL), low density lipoprotein (LDL) and HDL were isolated by a combination of preparative ultracentrifugation 4 and precipitation with a sodium phosphotungstate and magnesium chloride solution. 5 Triglyceride and cholesterol concentrations were measured in serum and in the isolated lipoprotein fractions by enzymatic methods, using IL Test Cholesterol Trinder's Method 181618-80 and IL Test Enzymatic-colorimetric Method 181709-00 in a Monarch apparatus (Instrumentation Laboratories, Lexington, MA, USA).
Plasma glucose was assayed by the glucose oxidase method. 6 Serum insulin was measured by the Phadebas Insulin Test (Pharmacia, Uppsala, Sweden). 7 PAI-1 activity in plasma was measured with Spectolysea pL kits from Biopool AB (Umea Ê, Sweden), using polylysine as a stimulator. 8 For measurement of the plasma concentration of tissue-type plasminogen activator (t-PA) antigen, Imolyse % t-PA antigen kits (Biopool AB) were used. 9 The serum concentrations of apolipoprotein A-1 (apo A-1) and B (apo B) were determined by immunoturbidimetry in a Monarch apparatus.
Serum alpha tocopherol concentrations were assayed by HPLC, using a¯uorescence detector as described earlier. 10 The serum tocopherol levels are reported as the concentration corrected for the sum of serum cholesterol and serum triglycerides as suggested by Thumhamn et al. 11 
Statistical methods
Descriptive statistics given are number of observations, mean, standard deviation and range. A`metabolic risk' score (re¯ecting metabolic aberrations related to the metabolic syndrome) was calculated, and comprised serum triglycerides, HDL cholesterol, fasting glucose, fasting insulin and PAI-1, and supine systolic and diastolic blood pressures. A`total risk' score was also calculated, comprising the items included in the metabolic risk score plus serum cholesterol, LDL cholesterol, LDLaHDL ratio, t-PA, apo B, apo A-1 and lipid-corrected alpha tocopherol. Each item was converted to quintiles. For all items except HDL cholesterol and alpha tocopherol the 20% lowest values were given the quintile value 1 and so on. HDL cholesterol and alpha tocopherol were given quintile numbers in the reverse order, so that the 20% subjects with the lowest values were given the quintile value 5 etc. The risk score was calculated as the sum of quintiles over all items. The relation between the metabolic risk score and each of the four anthropometric variables was analysed using the Spearman correlation coef®cient. Differences between the SAD correlations to the risk scores and the other anthropometric variables correlation to risk scores were tested for statistical signi®cance using the method described by Morrison. 12 To evaluate the relative importance of the anthropometric variables, a multiple stepwise linear regression model on metabolic score, using the four anthropometric variables as candidate predictors, was estimated. All analyses were performed for all subjects and separately for men and women.
Results
The mean SAD was 23.5 (17.0 ± 34.5) cm in men and 21.7 (15.5 ± 32.0) cm in women. The mean waist-tohip ratio was 0.90 (0.76 ± 1.13) in men and 0.81 (0.64 ± 1.06) in women and the mean waist circumference was 88.2 (71.0 ± 128.0) cm in men and 78.9 (62.0 ± 115.0) cm in women. Men had a mean BMI of 24.9 (17.4 ± 39.7) kgam 2 and women 23.8 (16.2 ± 40.8) kgam 2 ( Table 1 ). The lipid, glucose, insulin, PAI-1 and lipid-corrected alpha tocopherol concentrations in serum and the mean systolic and diastolic pressures are presented in Table 2 .
In men, compared with the other anthropometric measurements SAD was more strongly correlated to Sagittal abdominal diameter and cardiovascular risk M O È hrvall et al the serum concentrations of cholesterol, LDL cholesterol, serum triglycerides, glucose, insulin, apo B, PAI-1, t-PA and lipid-corrected alpha tocopherol, and to the systolic and diastolic blood pressures (Table 3 ). In women SAD showed stronger correlations to serum cholesterol, LDL cholesterol, LDLaHDL, apo B and t-PA and to systolic and diastolic blood pressures compared with the other anthropometric variables (Table 4 ). There was no signi®cant difference in the correlation between SAD and risk variables with increasing obesity, when tested in subjects with BMI below and above 26 kgam 2 . SAD was more closely correlated to`total risk' ( 0.66, P`0.0001 for men, 0.62, P`0.0001 for women), than waist circumference ( 0.63, P`0.0001 for men and 0.57, P`0.0001 for women) and waist-to-hip ratio ( 0.61, P`0.0001 for men and 0.48, P`0.0001 for women). SAD was also more strongly correlated to`metabolic risk' ( 0.64, P 0.0001 for men, 0.59, P 0.0001 for women) than waist circumference ( 0.60, P`0.0001 for men and 0.59, P`0.0001 for women) and waist-to-hip ratio ( 0.58, P`0.0001 for men and 0.52, P`0.0001 for women; Table 5 ). SAD was in all subjects signi®cantly more closely correlated (P`0.01) to`total risk' and`metabolic risk' than waist, waist-to-hip ratio and BMI were to these risk parameters. When the correlations between the anthropometric measurements and the cardiovascular risk factors were adjusted for age, the correlation were slightly weaker but in the same ranking order as without adjustment, except for older women where (P 0.0011) (P 0.0331) (P 0.0014) (P 0.0003) *P`0.0001. ns not signi®cant. SAD sagittal abdominal diameter. WaH waist-to-hip ratio.
Sagittal abdominal diameter and cardiovascular risk M O È hrvall et al waist was more strongly correlated to risk factors than SAD. In a regression analysis including the anthropometric measurements and the risk values the SAD showed the strongest association with risk in both men and women. 40% of the variation in risk could be explained by SAD and only 4% could be further explained by the other three anthropometric variables. When SAD, waist circumference and the waist-to-hip ratio were corrected for height, the correlations to some of the risk parameters became slightly stronger than without correction. The strongest associations, however, were still noted for height-corrected SAD compared with height-corrected waist circumference and waist-to-hip ratio (Table 6 ).
Discussion
Waist circumference has been claimed to be a strong marker for health risk, since the abdominal fat distribution is associated with risk factors for CHD 13 and diabetes type 2. 14 It has also been shown in a large study that people with a large waist circumference suffer impairment of both health and quality of life. 15 Among both men and women in this study, SAD was found to have stronger correlations to the risk factors in the metabolic syndrome than the other measured anthropometric variables, namely waist circumference, waist-to-hip ratio and BMI. In the regression analysis the most important marker for risk factors for CHD and for the metabolic syndrome was SAD.
Pouliot et al have shown that waist circumference and SAD are the best simple anthropometric indices of abdominal and visceral adipose tissue accumulation and of cardiovascular risk in men and women. 16 The mechanism of the proposed link between increased visceral adipose tissue and risk factors for CHD may be the occurrence of elevated concentrations of free fatty acids in blood from the enlarged abdominal fat depots. By a multiscan CT technique the SAD at the umbilical level has been shown to predict the amount of visceral adipose tissue. 3 In recent studies 16, 17 SAD has been measured on CT scans, but in our study it was measured with the patient in a supine position using a simple ruler. We have shown that measurement of SAD by this easy method is reproducible and accurate and can be used to estimate the cardiovascular risk situation in these patients (unpublished).
In a study by Richelsen and Pedersen, 18 58 men participated in a study in which SAD was measured with a calliper. Besides SAD, the ratio between SAD and height showed a strong association with risk factors in that study. It has also been reported that the ratio of SAD to height is a strong indicator of coronary risk as measured by the Framingham risk index. 19 In our study SAD corrected for height showed a slightly stronger association with some of the risk factors than uncorrected SAD. However, the height-corrected SAD was still more strongly correlated to risk than were the height-corrected waist circumference and waist-to-hip ratio. It has been pointed out that the ratio of waist circumference to height may be more strongly correlated to risk factors for coronary heart disease than waist circumference per se, and that the reason for using height is that it can take into account the fact that women may be shorter than men at the same degree of risk. 20, 21 SAD is usually studied in relatively small populations, usually of only men. In our study we have con®rmed that a high SAD is an important risk parameter in a large reference population including both men and women. We have also shown that risk factors for coronary heart disease such as PAI-1 and t-PA are positively correlated to SAD. The lipidcorrected concentration of alpha tocopherol was negatively correlated to SAD, as observed before in this population. 10 The relations between these parameters and SAD do not appear to have been studied previously. 
